J>) 



EuropSlsches Patentamt 

® ^JlJ European Patent Off Ice @ Publication number: O 095 850 

Office europgen des brevets A1 



& EUROPEAN PATENT APPLICATION 

@ Application number: 83302766.7 © Int. CI. 9 : C 11 B 3/00, B 01 D 31/00 

@ Date of filing : 1 6.05.83 



® Priority: 16.05.82 JP 82794/82 


® 


Applicant: NITTO ELECTRIC INDUSTRIAL CO., LTD., 1-2, 
Shimohozuml 1-chome Ibarakl-shl, Osaka 567 (JP) 


@ Date of publication of application : 07.1 2.83 
Bulletin 83/49 


© 


Inventor: Iwama, Aklo, 1-2, Shimohozuml 1-chome, 
Ibarakl-shl Osaka (JP) 
Inventor: Kamlyama, Yoshlyasu, 1-2, 
Shimohozuml 1-chome, Ibarakl-shl Osaka (JP) 
Inventor: Nakagome, Kelsuke,1-2, 
Shimohozuml 1-chome, Ibarakl-shl Osaka (JP) 


@ Designated Contracting States : DEFRGB NL 


® 


Representative: Diamond, Bryan Cltve at al, Gee & Co. 
Chancery House Chancery Lane, London WC2A 1 QU 
(GB) 



@) Process for purification of crude gtycerfde oil compositions. 



© A glyceride oil (e.g. soybean oil) containing gum mate- 
rial including phospholipid, e.g. lecithin, as a main impurity 
Is purified by dilution with an organic solvent (e.g.) hexane), 
introducing the solution (e.g. from tank 11) under pressure 
into a spiral type or pleat type semipermeable membrane 
module (12) to separate it into membrane-permeable (13) 
and membrane-impermeable (15) liquids, introducing the 
resulting concentrated membrane-impermeable liquid (15) 
under pressure into an internal pressure type tubular semt- 
^r" permeable membrane (16) having an inner diameter of 2 to 
^ 25 mm to separate it into a membrane-permeable and a 
membrane-impermeable liquid, and removing the organic 
solvent from at least one of these liquids to obtain a purified 
glyceride oil and/or a purified phospholipid. 

Details are given of the construction of a spiral type 
00 membrane module having a central support; and of pre- 
M ferred polyimides for the membranes, which allow passage 
■Jf of molecules of mol wt. 10,000 to 100,000. 
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Process for purlf ication of crude glyceride oil compositions 

The present invention relates to a process for 
purification of crude glyceride oil compositions by 
means of a semipermeable membrane. 

5 Vegetable oils usually used as food oils include soy- 

bean oil, rapeseed oil, cotton seed oil, saf flower oil, 
Indian corn oil, sunflower oil, rice bran oil and the like. 
In producing such vegetable oils, depending on the amount 
of oil contained therein, a raw material is pressed or the 

10 raw material is extracted with an organic solvent such as 
hexane to obtain a miscella (solvent and oil mixture), and, 
then, the organic solvent is removed by evaporation from 
the miscella to yield a crude glyceride oil composition. 
Such a crude glyceride oil composition generally contains 

15 0.5 to 10J6 by weight of impurities including phospholipid 
such as lecithin, as main ingredient, waxes such as 
higher alcohols, organic sulfur compounds, peptides, 
aliphatic acids, hydrocarbons, carbohydrates, lower 
aldehydes, lower ketones, sterols, dye compounds and a small 

20 amount of metals. These gums and other impurities have an 
undesirable effect on the quality of the products, because 
they cause polymerization or decomposition during 
storage or on using or heating, to result in oil coloration, 
generation of unpleasant odors and acceleration of oxida- 

25 tion or deterioration. It is necessary, therefore, to 
remove the gum materials, waxes and other impurities from 
the crude glyceride oil composition, as much as possible. 

For this purpose it has been customary that water 
is added to the crude glyceride oil composition to hydrate 

30 the gum material composed mainly of phospholipids and 

af te£ the same is swollen and coagulated, the gum material 
is removed by centrifugal separation. Since the 
resultant de-gummed oil still contains 0.2 to 1.0# by 
weight of gum material, it is usually subjected to 

35 chemical treatment using chemicals such as alkali or acid 
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to carry out removal of gum material and acid, namely, 
removal of mainly residual phospholipids and free ali- 
phatic acids, followed by heated in vacuum together with 
an absorbing agent such as activated clay, to remove colors 

5 and other impurities such as heavy metals, aliphatic 
acids, soaps or gum materials, which cannot be removed 
by the above-described chemical treatment. Further, it 
is generally processed in a dewaxing step for removing 
waxes and saturated tri- or diglycerides which 

10 crystallize or cause turbidity in the oil at a low 

temperature. Thereafter, unpleasant odor components such 
as lower aldehydes, ketones and free aliphatic acids 
are removed in the final step to obtain a purified 
glyceride oil having a gum content of 50 ppm or less as 

15 the final product. 

However, the above-described prior purification 
process requires complicated chemical treatments 
involving chemical reactions, apart from the final 
deodorizing step, and further it is desirable in order to 

20 obtain a purified glyceride oil suitable as food that 
the phospholipid content in the glyceride oil after the 
treatment for removing gum material and acid by chemicals 
is not more than 100 ppm in the decoloring and deodorizing 
step. Thus, in the prior process, it is necessary to 

25 carry out repeatedly the gum removal operation. 

Consequently, not only is a large amount of chemicals 
required and a considerable amount of glyceride oil lost, 
but at least a part of the glyceride oil deteriorates 
due to the chemical treatments for removing gum 

30 material and acid, which has a harmful influence upon 
the product glyceride oil and various secondary products 
obtained therefrom. Furthermore, it is expensive to 
treat the effluent which contains noxious chemicals and 
sludge, to allow it to be safely discharged. 

35 In order to avoid such disadvantages, U.S. 

Patent 4,062,882 (Gupta) describes a novel process for 
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purification of crude glyceride oil compositions. In 
accordance with this process, after a crude glyceride 
oil composition is diluted with an organic solvent such 
as hexane, it is brought under pressure into contact 

5 with an ultrafiltration membrane made of polysulfone, 
polyacrylonitrile or polyamide and the organic solvent 
is removed from the solution which has been forced 
through the membrane 9 to obtained a de-gummed oil* 
However, according to this process, the removal of phos- 

10 pholipids from the crude glyceride oil composition is not 
sufficiently high because of the characteristics of the 
ultrafiltration membrane, and, in the case of a crude 
glyceride oil composition containing several 96 by weight 
of gum material, it is difficult by means of a single 

15 membrane treatment to reduce the gum material content in 
the degummed oil to the desired level of 100 ppm or less 
so as to allow it to be used as food, in the above- 
described decoloring and deodorizing steps* Thus, as 
described in Japanese Patent Application (OPI) No* 

20 84206/77 (the term tt 0PI n refers to a published unexamined 
Japanese patent application), an adsorption treatment 
using an expensive adsorbing agent such as alumina or 
silica is additionally required before or after the 
membrane treatment of the misceUa. As the result, 

25 technical and commercial advantages of the membrane 
treatment used in place of chemical purification are 
much reduced* If the crude glyceride oil composition 
contains 2% by weight of gum material, the removal rate 
of the membrane for gum material should be 99*5% or more 

30 in order to reduce the gum material content in the 
resultant degummed oil to 100 ppm or less. 

Further, in any of the above-described processes, 
since the ultrafiltration membrane used does not have 
sufficiently high resistance to glyceride oils and to 
35 organic solvents used as diluents and it easily softens 
at an elevated temperature, the molecular weight cut-off 
varies and its ability to remove gum material is lost; 
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therefore, It is desirable that the membrane treatment 
is carried out at a comparatively low temperature of 

10 to 20°C. As the result, since miscella having a 
comparatively high viscosity is subjected to membrane 

5 treatment, the amount of the liquid which is permeable 
Is small and the treatment requires a long period of 
time. It is not preferred to reduce the glyceride con- 
centration in the miscella, because the amount to be 
treated becomes large, though the viscosity is reduced to 

10 increase the amount of the permeable liquid. 

We have found that a degummed oil having a gum 
material concentration of 100 ppm or less can be obtained 
by the process which comprises diluting a crude glyceride 

011 composition containing glyceride oil and phospholipids 
15 as main impurities with an organic solvent, carrying out 

membrane treatment using a semipermeable membrane of 
polyimide having a specified structural unit to obtain a 
large amount of a permeable liquid, from which the phos- 
pholipids are removed at a removal rate of 99*5% or more, 

20 and removing the organic solvent from the permeable liquid, 
and, consequently, purified glyceride oil of high quality 
which is suitable for food oil can be obtained by 
carrying out decoloring of the resulted degummed oil 
with an inexpensive adsorbent such as clay or activated 

25 clay, and thereafter carrying out deodorizing. 

Various problems, however, arise in actual 
production of purified glyceride oil on an industrial 
scale by membrane treatment of crude glyceride oil 
compositions • The first problem is as follows. In 

30 order to obtain a purified glyceride oil as a membrane- 
permeable liquid at a high recovery rate via membrane 
treatment of miscella, it is usually necessary to concen- 
rate the miscella to 50 to 100 times the original 
phospholipid concentration. However, the viscosity of the 

35 miscella increases as the phospholipids in the miscella 
are concentrated, and it is impossible to concentrate 
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the miscella to so high phospholipid content, depending 
on the form of the semipermeable membrane used. 

For example, in the so-called spiral type or pleat 
type of membrane module which has a large membrane 

5 area per unit volume and is advantageous for 

miniaturization of equipment, passages for the feed 
liquid to be subjected to membrane treatment are formed 
by spacers having a thickness of 0.3 to 3 mm. When 
using this membrane module for the membrane treatment of 

10 the miscella, the miscella can be concentrated only to 
at the most 20 times, whereby the miscella has a 
relatively low viscosity. Namely, since the feed liquid 
passages are formed by the spacers, the feed liquid causes 
a thin laminar flow and the passage resistance of the 

15 passages is large. When the miscella has a high viscosity, 
the pressure difference in the module becomes large which 
causes the so-called telescope phenomenon or bending 
phenomenon, by which the module is damaged or destroyed. 

On the other hand, if internal pressure type tubular 

20 semipermeable membranes having an inner diameter of 
3 to 25 mm are used, the miscella can be concentrated 
to 50 to 200 times since they have a large tube 
cross-sectional area. Furthermore, since such tubular 
membranes are generally reinforced with a paper tube, 

25 an unwoven fabric tube, a woven fabric tube, a porous 
polymer tube, a porous metallic tube or the like, it is 
possible to apply a pressure as high as 80 kg/cm 2 which 
permits an increase in the amount of membrane-permeable 
liquid even with miscella having a high viscosity. 

30 However, since the membrane area per unit volume is small, 
a one-stage membrane treatment using only the tubular 
semipermeable membranes requires large size equipment and 
the number of necessary membrane modules is markedly 
increased, which is undesirable from an industrial 

36 viewpoint. Thus, the second problem is that, if a 
membrane module in a form capable of treating miscella 
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having a high viscosity is used, the apparatus becomes of 
very large size and various accompanying expenses thereby 
increase , to lose technical and commercial advantages 
of the membrane treatment. 

5 As a result of studies to overcome the aforesaid 

problems in the purification of crude glyceride oil 
compositions by the membrane treatment, it has been 
f ound that by firstly treating the miscella of a crude 
glyceride oil composition with a spiral type or pleat 

10 type semipermeable membrane moldule and then treating the 
thus-concentrated miscella with a tubular semipermeable 
membrane module, the miscella can be highly concentrated 
and a purified glyceride oil can be obtained at a high 
recovery rate while minimizing the number of membrane 

15 modules necessary. 

Accordingly, the present invention provides a 
process for purification of crude glyceride oil 
compositions, comprising (a) diluting a crude glyceride 
oil composition containing gum as a main impurity with an 

20 organic solvent, (b) introducing the diluted solution 
under pressure into a spiral type or pleat type semi- 
permeable membrane module to separate it into liquids 
which are respectively membrane-permeable and membrane- 
impermeable, (c) thereafter introducing the resulting 

25 concentrated membrane-impermeable liquid under pressure 
into an internal pressure type tubular semipermeable 
membrane having an inner diameter of 2 to 25 mm to 
separate it into liquids which are membrane-permeable 
and membrane-impermeable as the second-step treatment, 

30 and (d) removing the organic solvent from at least one of 
said two liquids to obtain a purif ied glyceride oil and/or 
a purified phospholipid. 

The terminology "spiral type or pleat type semi- 
permeable membrane moldule" used for the first membrane 
35 treatment for the miscella refers to a tubular pressure 
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vessel equipped with first liquid passages formed by the 
first spacer made of a porous sheet inserted inside of the 
sheet semipermeable membrane, second liquid passages formed 
by the second spacer made of a porous sheet extending along 

5 the outside of said semipermeable membrane, and a hollow 
tube for collecting a membrane -permeable liquid which 
communicates with passages for the membrane-permeable liquid 
formed by said first liquid passage, so that a feed liquid 
is introduced into the feed liquid passaged formed by said 

10 second liquid passage and the membrane-permeable liquid is 
withdrawn from said hollow tube; the membrane module in 
which the above-described spacers are spirally wound 
around the hollow tube is called a spiral type membrane 
module, and the membrane module in which the above- 

15 described spacers are bent like a folding screen is called 
a pleat type semipermeable membrane module* .. 



These kinds of membrane module are known* For 
example, the spiral type membrane module is described in 
Japanese Patent Publications Nos. 14216/69, 9804/71, 8629/74 



2681/75 and 23875/78, and the pleat type semipermeable 
membrane module is described in Japanese Utility Model 
Registration Applications (OPI) Nos. 174904/80 and 174905/80. 

Reference will be made to the drawings, wherein: 



type membrane module suitable for use in the process of 
the present invention; and 

Figures 2 and 3 each is a flow chart of one embodi- 
ment of the process of the present invention. 




20 and 35191/76 and Japanese Patent Applications (OPI) Nos. 



25 



Figure 1 is a cross-sectional view of the spiral 



30 



Figure 1 is an embodiment of "Hie so-called multi- 
leaf spiral type membrane module, which indicates 
the section thereof before the state that the envelope 
semipermeable membranes in which the first spacer is 
inserted to form passages for the membrane permeable 
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liquid and the second spacers for forming the passages 
for the feed liquid are spirally wound around the hollow 
tube for collecting the membrane permeable liquid. 
Namely, a liquid permeable porous sheet 3 is wound 
around the outside of the hollow tube 2 having suitable 
openings l^fco fix it thereon. An envelope semipermeable 
membran/ 4 ii allowed to adhere to this porous sheet 
along the axis direction of the hollow tube so that the 
liquid flows from the opening part 5 into the above- 
described opening/ and the first spacer 6 made of a 
li^u^ between the 

opposite inside faces of the semipermeable membrane 
forming the inner part of the envelope to form the first 
liquid passage 7. The second spacer 8 made of a liquid 
permeable porous sheet is put between the outside face 
of the envelope semipermeable membrane 4 and the outside 
face of another envelope semipermeable membrane 4* to 
form the second liquid passage. Further, when 
the semipermeable membrane is formed on a support such 
as woven fabric or nonwoven fabric, the first spacer 6 
forming the passage for the membrane permeable liquid 
may be substituted by the above -de scribed support such 
as woven fabric or nonwoven fabric- These envelope semi- 
permeable membranes and the second spacers are spirally 
wound in layers around the hollow tube, and the wound 
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product is inserted in a pressure tube (not shown in the 
drawing) . A member for introducing the feed liquid into 
the second liquid passage as the feed .liquid passage is 
attached to it and a member for taking the membrane 
5 permeable liquid passing through the envelope semi- 
permeable membranes out of the pressure tube from the 
hollow tube through the first liquid passage as the feed 
liquid passage is attached to it to produce a spiral 
type membrane module. Further, the liquid in the feed 

10 liquid passage may flow in the axial direction of the 
hollow tube or may flow in the cross direction of the 
hollow tube. 

In the present invention, the spacers for 
forming the feed liquid passages have a thickness of 0,3 

15 to 2.5 mm and, preferably 0.4 to 1.5 mm. In the present 
invention, miscella of a crude glyceride oil composition 
is introduced into the above-described membrane module 
under pressure to concentrate it to 2 to 20 "times f prefer- 
ably 3 to 10 times, the original concentration. When 

20 the thickness of the spacers for forming the feed liquid 
passage is too small, the miscella cannot be concentrated 
to within the above range. On the other hand, when it 
is too large, though the miscella can be concentrated to 
within the above range, the membrane area per unit volune 

25 of the equipment is decreased which undesirably leads to 
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an increase in equipment size. In the present invention, 
the concentration rate of miscella means a volume concen- 
tration rate of miscella treated by the membrane module 
and is defined as amount of miscella treated/amount of 
5 membrane impermeable liquid. Accordingly, in case that 
100 Z of miscella is treated to obtain 90 I of the 
membrane permeable liquid and 10 I of the membrane 
impermeable liquid, the miscella is concentrated to 10 
times. 

10 Concerning conditions for membrane treatment 

of the miscella by the spiral type or pleat type semi- 
permeable membrane module , the linear velocity of the 
miscella to the membrane face is small as compared with 
the case of treating with the tubular membrane module, 

15 and it is generally 0.01 to 3 m/second, preferably 0.05 
to 1 m/second, and the pressure for supplying the 
miscella is generally 1 to 20 kg/cm (all pressures 
herein are gauge pressures), preferably 1 to 10 kg/cm 
By selecting such treating conditions, the miscella can 

20 be concentrated to within the above-described range at a 
high permeable liquid amount by the use of the spiral 
type or pleat type semipermeable module. When the 
linear velocity for supplying the miscella is too low, the 
concentration polarization undesirably occurs. On the 

25 other hand, when the linear velocity is too high, the 
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pressure difference in the membrane module is so large as to 
cause a telescope phenomenon or a bending phenomenon 
which undesirably leads to the danger of membrane break- 
down. However, in general, the spiral type or pleat type 
5 semipermeable membrane module has characteristics that 
it can be operated under a high pressure as compared to 
the case of a capillary or hollow filament type membrane 
module and a comparatively high permeable liquid amount 
can be kept. 

10 In the first-step membrane treatment as 

described abdve, the miscella is concentrated to at most 
about 15 times- The viscosity of the miscella which is 
concentrated to about 15 times is usually about 0.5 to 
5 cps, although it varies depending on the glyceride oil 

15 content of the original miscella. Therefore, the 

miscella can be treated by the use of the spiral type 
or pleat type semipermeable membrane module while main- 
taining the amount of permeable liquid at a high level. 

In the present invention, the thus-prelinujiarily 

20 concentrated miscella is further concentrated by the 

second-step membrane treatment using an internal pressure 
type tubular semipermeable membrane. The inner diameter 
of the tubular semipermeable membrane is generally 2 to 
25 mm, preferably 3 to 17 mm, and more preferably 5 to 

25 15 mm, taking into account the concentration rate and 
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viscosity of the concentrated miscella obtained by the 
first-step membrane treatment. 

In the second-step membrane treatment, the 
miscella is concentrated to 3 to 200 times, preferably 
5 to 100 times, the original concentration. Therefore, 
it is not acceptable to use a semipermeable membrane 
having a too small inner diameter. On the other hand, 
the use of a semipermeable membrane having a too large 
inner diameter undesirably leads to a reduction of 
membrane area per unit volume of the equipment as in the 
above-described case. 

Since the tubular semipermeable membrane has a 
large tube cross-sectional area, the miscella which now 
has a high viscosity due to its high concentration can 
be efficiently treated, and the miscella can be treated 
at a large permeable liquid amount, even if the miscella 
is supplied to the tubular semipermeable membrane at a 
high pressure. 

The miscella is treated under conditions such 
that the average linear velocity in the lengthwise direc- 
tion of the membrane tube is 0.5 to 10 m/second, prefer- 
ably 1 to 5 m/second, and the pressure for supplying is 
usually about 1 to 10 kg/cm 2 , though it is not particu- 
larly restricted. 
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In the process of the present invention, as 
described above, the miscella is preliminarily concen- * 
trated to at most about 15 times by the use of the spiral 
type or pleat type semipermeable membrane module having 
5 a high membrane area per unit volume, and it is further 
concentrated by the use of an internal pressure type 
tubular semipermeable membrane. Accordingly, the equip- 
ment is minimized and the miscella can be treated at a 
high permeable liquid amount, i.e., in a short period of 

10 time* Thus, the process is suitable for purification 
on an industrial scale. 

Figure 2 is a flow diagram of an embodiment 
for carrying out the process of the present invention. 
A miscella is firstly supplied from a storage tank(ll^ 

15 into a spiral type or pleat type semipermeable membrane 
module 12 in circulation. The membrane-permeable liquid 
13 is sent to a permeable liquid tank (^pand the membrane 
impermeable liquid 15 is returned to the storage tank 
again. When the miscella is suitably concentrated, the 

20 flow path ia^^^^^Bd/^by appropriate val ying y whereby 
the miscella is supplied to a tubular membrane module (16 
in circulation where it is further concentrated, while 
the membrane -permeable liquid is sent to a membrane 
permeable liquid tank. 
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Figure 3 is a flow diagram of another process 
for continuously treating the miscella according to the' 
present invention, A miscella is continuously supplied 
to a storage tank 11 and the miscella is continuously 
supplied from the storage tank to a spiral type or pleat 
type semipermeable module 12 where it is separated into 
a membrane-permeable liquid 13 and a membrane -impermeable 
liquid 15. The membrane -impermeable liquid is supplied 
via another storage tank 17 to a tubular semipermeable 
membrane module 16 in circulation where it is separated 
again into a membrane-permeable liquid 13 1 and a membrane- 
impermeable liquid 15 1 . In order to maintain steady 
state conditions of the equipment, a part of the membrane 
impermeable liquid is withdrawn as a concentrated liquid 
^18/from the equipment. If necessary, the membrane 
impermeable liquid 15 separated in the spiral type or 
pleat type semipermeable membrane module is returned to 
the storage tank 11 and circulated. 

The semipermeable membrane used 
in the present invention can he made of a polyimide 
consisting essentially of a repeating unit represented 
by the formula 




CH — CO - 
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wherein R 1 is a divalent organic group, as described in 
detail in U.S. Patent 4,240,914. In the present inven- 
tion, a semipermeable membrane comprising a pblyimide 
represented by the above-described formula wherein R 1 is 
represented by the formula: 




wherein X represents a divalent linking group, is prefer- 
ably used. Examples of X include -CH -C (CH ) -O- 
and -S0 2 -, etc. in particular, polyimides wherein X is 
" CH 2~ or whic k have a constant molecular weight cut- 

off over a long period of time even when brought into 
contact with crude glyceride oil compositions heated to 
high temperatures are preferred. 

In the present invention, it is possible to 
use polyimides consisting essentially of the above- 
described repeating unit which have an imidation rate 
defined as 



. Number of imide rings 

Number of imide rings + number of amide acid bonds" 



of about 70% or more, preferably 90% or more and, more 
preferably 98 to 100%. Further, the inherent viscosity 
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of the polyiraides (measured at 30°C in N-methyl-2- 
pyrrolidone solution) is 0.55 to 1.00, preferably 0.60 ■ 
to 0.85, and a number average molecular weight thereof 
is 20,000 to 120,000, preferably 30,000 to 80,000. 

The process for producing semipermeable 
membranes having an anisotropic structure such as an 
ultrafiltration membrane or a reverse osmosis membrane, 
etc., consisting essentially of the above -described 
formula is disclosed in Japanese Patent Applications 
COPI) Nos. 71785/79 and 94477/79. However, in the 
process of the present invention, it is preferred to use 
a semipermeable membrane produced by the process which 
comprises dissolving the above-described polyimide and 
a swelling agent represented by the general formula 

R 3 0-(CH,CHR 2 0) -R 4 

n 

,.23 4 
wnerexn R , R and R each represents a hydrogen atom, a 

methyl group or an ethyl group, and n_ represents an 

*\ 

integer of 1 to 5 where R is a hydrogen and an integer 

2 

of 1 to 3 where R is a methyl group or an ethyl group, 
in an organic solvent (hereinafter, referred to as dope 
solvent) compatible with a coagulation solvent such as 
water, etc., to prepare a dope, applying the resulting 
dope to a suitable support, dipping it in a coagulation 
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solvent which does not dissolve the/ above -described 

polyimide but dissolves the swelling agent and is 

compatible with the above-described dope solvent, and 

coagulating the above-described polyimide to form a 

5 membrane, as described in Japanese Patent Application 

COPI) No. 152507/80. 

In the above-described swelling agent, n is 

2 

preferably an integer of 2 or 3 where R is hydrogen atom, 

2 

and n is preferably an integer of 1 or 2 where R is a 

10 methyl group or an ethyl group. Accordingly, examples 

of the swelling agent include (poly) ethylene glycols and 
methyl or ethyl derivatives such as ethylene glycol, 
diethylene glycol, triethylene glycol, ethylene glycol 
monomethyl ether, ethylene glycol monoethyl ether, 

15 ethylene glycol dimethyl ether, diethylene glycol mono- 
methyl ether, diethylene glycol dimethyl ether and 
triethylene glycol dimethyl ether. Further, 
examples of the dope solvent include N-methyl-2- 
pyrrolidone, N-ethyl-2-pyrrolidone, N-methyl-2- 

20 piperidone, dimethylf ormamide , dimethylacetamide , 
dimethyl sulfoxide, tetramethyl urea and sulforaiu 

Further, as the coagulation solvent, water is 
generally used, but solvents which are compatible with 
the dope solvent and dissolve the swelling agent but 

25 coagulate the above-described polyimide may be used. 
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For example, mixed solvents composed of at least one of 
methanol, ethanol, acetone, ethylene glycol, diethylene' 
glycol and diethylene glycol monoraethyl ether and water 
can be used, or these compounds can be used alone as the 
coagulation solvent. 

Since the process for producing semipermeable 
membranes from a dope containing the polyimide and the 
swelling agent has been described in the above-described 
Japanese OPI references, detail thereof is omitted. It 
-is preferred that the amount of the polyethylene glycol 
or ether derivatives thereof represented by the above- 
described general formula used is 30 to 300 parts by 
weight, preferably 50 to 200 parts by weight, based on 
100 parts by weight of the polyimide , and the concentra- 
tion of the polyimide in the dope is 5 to 30% by weight. 

The semipermeable membranes composed of a 
polyimide used in the present invention usually have a 
molecular weight cut-off of 10,000 to 100,000, preferably 
10,000 to 50,000, semipermeable membranes called ultra- 
filtrati on membranes ar^ generally preferred for use. 
When the molecular weight cut-off value is too small, 
the amount of the permeable liquid tends to be decreased. 
On the other hand, when this value is too high, the gum 
material separating ability tends to be poor. 
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The molecular weight cut-off can be determined 
by measuring the removal rate of the semipermeable 
membrane to a solute having a known molecular weight. 
Practically , it is preferred to measure the removal rate 
5 of the semipermeable membrane using a toluene solution 
of polyethylene glycol having a known average molecular 
weight and a monodisperse molecular weight distribution 
as a solute (concentration: 5,000 ppm) . In the inven- 
tion, therefore, the removal rate of the membrane is 
10 measured using toluene solutions of polyethylene glycols 

having different average molecular weights at a tempera- 

2 

ture of 25 °C and a pressure of 3 kg/cm , and the minimum 
molecular weight of the polyethylene glycol having a 
removal rate of at least 95% is determined to be the 

15 molecular weight cut-off of the membrane. 

Lecithin which is a typical component of 
phospholipids has a molecular weight nearly equal to 
that of triglyceride. At the membrane treatment condi- 
tions of the present invention, however, several ten to 

20 several hundred lecithin molecules associate together to 
form miscelle. Therefore, by bringing into contact with 
a semipermeable membrane having a molecular weight cut- 
off in the above-described range under pressure, phospho- 
lipid is almost completely removed by the membrane, 

25 whereby a degummed oil having a phospholipid concentra- 
tion of 100 ppm or less can be obtained. 
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In the present invention, organic solvents are 
used in order to accelerate miscelle formation of 
phospholipid while at the same time diluting the crude 
glyceride oil composition. Such organic solvents are 
required to have a property of not dissolving the above- 
described polyimide semipermeable membrane. The molecular 
weight thereof is preferably smaller than that of the 
glyceride oil and is usually 50 to 200, preferably 60 to 
150. Examples of the organic solvents include aliphatic 
hydrocarbons such as pentane, heptane and octane, 
alicyclic hydrocarbons such as cyclopropane, cyclo- 
pentane, cyclohexane and cycloheptane, aromatic 
hydrocarbons such as benzene , toluene and xylene, 
aliphatic ketones such as acetone and methyl ethyl 
ketone r and lower aliphatic acid esters such as 

ethyl acetate and butyl acetate , which can be used 

alone or as a mixture of two or more of them. Aliphatic 
hydrocarbons such as hexane are preferably used. 

The miscella prepared by diluting the crude 
glyceride oil composition with the organic solvent usual- 
ly contains 10 to 90% by weight, preferably 20 to 50% by 
weight of glyceride oil, but it is not limited thereto. 

Depending on the type of raw material, the 
crude glyceride oil composition can be extracted directly 
from the feed material with the organic solvent, in the 
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present invention, the thus -extracted liquid may be 
subjected to the membrane treatment as such. The term . 
"extraction" is construed to be the same as the dilution 
with the organic solvent. In addition, glyceride oil 
compositions obtained by distilling away the solvent 
after the solvent extraction by the prior purification 
process can be used as the crude glyceride oil composi- 
tions in the present invention, and, of course, composi- 
tions obtained by pressing a raw material can be used as 
the crude glyceride oil. Furthermore, if desired, gum 
material-containing glyceride oil obtained at any 
desired stage of the prior purification process can be 
used as the crude glyceride oil. The term f, miscella rt is 
used hereinafter to refer to a solution of the crude 
glyceride oil composition in the organic solvent, as 
described above. 

In the present invention, then, the miscella 
of the crude glyceride oil composition, namely, the 
solution of the crude glyceride oil composition in the 
organic solvent is brought under pressure into contact 
with the polyimide semipermeable membrane at a tempera- 
ture at which evaporation of the organic solvent is not 
significant, which is usually from 0°C to 150 °C, prefer- 
ably from 0°C to 100 °C and more preferably 0°C to 80°C. 
Generally, by raising the treatment temperature, the 
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amount of the permeable liquid processed can be 
increased. In the present invention, even if the « 
membrane treatment is carried out at a higher tempera- 
ture, the polyimide semipermeable membrane maintains 
5 its molecular weight cut-off at a substantially constant 
level, and thus the membrane permeable liquid contains 
substantially no phospholipid. 

At a temperature lower than 0°C, however, the 
amount of the permeable liquid is too small from a 
10 practical viewpoint. On the other hand, if the treatment 
temperature is too high, there is the danger that the 
miscelle composed mainly of phospholipid is thermally 
decomposed and cannot be effectively removed by the 
membrane . 

15 The process of the present invention is 

suitable for the purification of crude vegetable 
glyceride oil compositions containing a large amount of 
phospholipid such as lecithin, and, in addition, it can 
be applied to the purification of crude animal glyceride 

20 oil compositions. Further, since lecithin, etc., are 

useful and valuable materials, they can be recovered, if 
necessary, from the membrane impermeable liquid. Usual- 
ly, after the membrane impermeable liquid is diluted 
again with the organic solvent such as hexane , etc . , and 

25 subjected to membrane treatment according to the present 
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invention, the organic solvent is removed from the 
membrane impermeable liquid, by which phospholipid 
having a high purity can be obtained. 

When the organic solvent is removed by distil- 
5 lation or other means from the solution of the above- 
described degummed glyceride oil in the organic solvent, 
degummed oil is obtained- The degummed oil obtained as 
described above has a residual gum material content of 
100 ppm or less and under good conditions, 50 ppm or less. 

10 The glyceride oil degummed as described above 

is subjected to decoloring and deodorizing by a prior 
conventional process, by which highly purified oil 
suitable a food oil can be obtained. 

According to the process of the present inven- 

15 tion as described above, in the case that the miscella 
of crude glyceride oil composition is subjected to the 
membrane treatment, the miscella is firstly treated 
using a spiral type or pleat type semipermeable membrane 
module having a large membrane area per unit volume when 

20 the viscosity of the miscella is still low, and it is 

then further concentrated using a tubular semipermeable 
membrane module when the viscosity of the miscella 
becomes high. Accordingly, the equipment can be 
minimized and a large amount of miscella can be treated 

25 in a short period of time- 
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Furthermore, by means of the process of the 
present invention, when the crude glyceride oil composi*- 
tion containing several % by weight of phospholipid is 
diluted with an organic solvent and subjected to 2- 
stage membrane treatment by the membrane module equipped 
with a semipermeable membrane composed of polyimide, 
degummed oil containing 100 ppm or less of phospholipid 
can be obtained by removing the organic solvent- Accord- 
ingly, by carrying out decoloring with an inexpensive 
adsorbent such as clay or activated clay and then 
deodorizing, rfemarkably purified glyceride oil which 
can be used directly for food can be obtained. Namely, 
according to the present invention, highly purified 
glyceride oil capable of use - for food can be obtained 
by only the physical treatment, namely, membrane treat- 
ment, without requiring multistage chemical treatment, 
and at the same time, the yield of the purified glyceride 
oil is increased. Further, in the present invention, if 
the polyimide semipermeable membrane is used as the semi- 
permeable membrane, impurities having a comparatively 
low molecular weight such as saccharoses and amino acids, 
etc., are embedded inside miscelles : of the phospholipid 
and removed by the membrane, by which purified glyceride 
oil having a remarkably high quality can be obtained. 



- 25 - 



0095850 



The present invention is illustrated with a 



reference example and examples of f the invention. 



REFERENCE EXAMPLE 



Production of Polyimide Ultrafiltration Membrane 



5 



To an N-methyl-2-pyrrolidone solution contain- 



ing 28% by weight of the polyimide having the above- 



described formula wherein R was 




and 



having an imidation rate of 99% or more and an inherent 
viscosity Cninh) of 0.73, 100 parts by weight of 
10 diethylene glycol based on 100 parts by weight of poly- 
imide were added as a swelling agent to prepare a 
homogeneous dope. Using this dope, a sheet membrane 
having a thickness of 200 ym and a molecular weight cut- 
off of 20,000 was obtained by the conventional method. 
15 The resulting semipermeable membrane was 

formed into the shape of an envelope, and a porous 
spacer having a thickness of 0*3 mm was inserted between 
the inside feces- As shown in Figure 1, the opening 



part of the envelope was allowed to adhere to the 
20 opening on the wall of the hollow tube as the membrane 
permeable liquid tube so that the membrane permeable 
liquid flowed from the permeable liquid passage in the 
membrane to the hollow tube. On the other hand, porous 
spacers having a thickness of 0*7 mm were put along the 
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outside of the above-described envelope semipermeable 

membrane. They were spirally wound around the hollow , 

tube and put in a pressure tube made of metal having an 

outer diameter of 94 mm and a length of 770 mm to produce 

a spiral type membrane module having an effective 

2 

membrane area of 5.7 m . 

On the other hand, tubular semipermeable 
membranes having an inner diameter of 12 mm were 
produced from the above-described dope, 18 tubular 
membranes were inserted in a pressure tube made of metal 
having an outer diameter of 107 mm and a length of 770 nra 
so as to be arranged in a row along the axis of the tube. 
U-shaped tubes were attached to the end of each tube so 
that the feed liquid flowed in 18 tubular membranes in 
series , by which a tubular semipermeable membrane module 
having an effective membrane area of 0.48 m was produced. 

EXAMPLE 1 

The membrane modules obtained in the above 
Reference Example were arranged as shown in Figure 2 to 
provide a membrane treatment apparatus. 

600 £ of soybean oil miscella composed of 30 
parts of ^ crude soybean oil composition containing 
1.81% by weight of phospholipid and 70 parts by weight 
of hexane was subjected to membrane treatment under 
conditions shown in Table 1. 
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The term "Gupta process" used hereinafter 
means the prior art process disclosed in IKS- Patent 
4,062,882. 

Experiment (1) (Gupta process, spiral module) 
5 The miscella was supplied to only the spiral 

type membrane module by valving. When the amount of the 
membrane permeable liquid reached 533 £, no more 
membrane permeable liquid could be substantially 
obtained . 

10 Experiment (2) (Gupta process, tubular module) 

The miscella was supplied to only the tubular 
membrane module by valving. 1,930 minutes were required 
for obtaining 580 £ of the membrane permeable liquid. 
Experiment (3) (Invention process) 

15 The miscella was firstly supplied to the spiral 

type membrane module in circulation to concentrate it to 
about 4 times in 102 minutes- Then, the resulted concen- 
trated liquid was supplied only to the tubular semi- 
permeable membrane module in circulation to concentrate 

20 it to 30 times in 295 minutes- Thus, 450 Si of a membrane 
permeable liquid was obtained from the spiral type 
membrane module and 130 I of a membrane permeable liquid 
was obtained from the tubular membrane module- Conse- 
quently, a total of 580 I of the membrane permeable 

25 liquid was obtained. 
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The results of the above-described experiments 
are shown in Table 1. As is obvious from the results, 4 
the miscella cannot be concentrated to a high level by 
one stage treatment using the spiral type membrane 
5 module, while when the tubular membrane module alone is 
used, the miscella can be concentrated to a high level, 
but such takes a markedly long period of time. On the 
contrary, according to the process of the present inven- 
tion, the treatment time is remarkably shortened* 

10 Experiment (4) (Invention process) 

As shovmJuFt-~^igur e 3 , the Equipment' was 
composed of one* spir al type /membrane module and three 
tubular membrane modules connected in parallel. 

A miscella composed of 30 parts by weight of 

15 a crude soybean oil composition containing 1.80% by 

weight of phospholipid and 70 parts by weight of hexane 
was continuously supplied to the storage tank at a rate 
of 300 fc/hour. At a steady state, the concentration 
factor was 30 times, and the membrane permeable liquid 

20 13 and 13* was obtained at a rate of 290 It/hour an^_the 
concentrated liquid was obtained at a rate of (^l/hour j 
The amount of the membrane permeable liquid from the 
spiral type membrane module was 238 A/hour and the 
amount of the miscella supplied to the storage tank 17 

25 was 62 fc/hour. 



. 29 - 0095850 

Experiment (5) (Gupta process, tubular module) 

Using only one tubular membrane module, a soy- 
bean oil miscella was supplied in circulation at a rate 
of 28 £/hour as shown in Figure 3. At a steady state, 
the permeable liquid was obtained at a rate of 27.1 Vhour 
and the concentrated liquid was obtained at- a rate of 
0.8 £/hour. Therefore, in treating^300 £/hour of the 
miscella with the tubular membrane module alone, it 
would be necessary to use 12 tubular membrane modules 
having the above -described dimensions. 

The results are shown in Table 1. According 
to the process of the present invention, the number of 
necessary module is small and the size of the whole 
equipment is small. 

EXAMPLE 2 

The concentrated liquid miscella obtained in 
Experiment (4) was composed of 32 parts by weight of a 
soybean oil composition containing 40*1% by weight of 
phospholipid and 68 parts by weight of hexane. Using 
the same equipment as in Example 1, 77 kg of the concen- 
trated liquid miscella was supplied to the membrane 
module with supplementing hexane continuously in an 
amount corresponding to that permeated through the 
membrane. The total amount of hexane supplemented 
during the membrane treatment was 325 kg. 
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Experiment (6) (Gupta process , tubular module) 

The miscella was supplied to only the tubular, 
membrane module by valving. 1,125 minutes were required 
for obtaining 382 kg of the membrane permeable .liquid. 
5 Experiment (7) Clnvention process) 

The miscella was firstly suppli^to_onl^Ahe 
spiral type membrane iaodiy i e_Jj ^ircula tijon to concen- 
trate xt to about 3 times in 46 minutes, and, the^eaftex^, 
the concentrated miscella was suppli^d^-to the tubular 

10 membrane module in circulation byfvalvingy to concentrate 
to about 20 times in 197 minutes. Thus, 269 kg of the 
membrane permeable liquid was obtained from the spiral 
type membrane module and 114 kg of the membrane permeable 
liquid was obtained from the tubular membrane module. 

15 Consequently, a total of 383 kg of the membrane permeable 
liquid was obtained. 

Results of the above-described experiments are 
shown in Table 2. 
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Claims : 

1. A process for purification of crude glyceride oil 
compositions which comprises diluting a crude glyceride 
oil composition containing gum material as a main ingredient 

5 of impurities with an organic solvent , introducing said 
diluted solution under pressure into a spj^aljtype or 
pleat type semipermeable membrane module to separate it 
into a semipermeable membrane permeable liquid and a 
semipermeable membrane impermeable liquid as the first- 

10 step treatment , introducing the resulting concentrated 
semipermeable membrane impermeable liquid under pressure 
into an internal pressure type tubular semipermeable 
membrane having an inner diameter of 2 to 25 mm to separate 
it into a semipermeable membrane permeable liquid and a 

15 semipermeable membrane impermeable liquid as the second- 
step treatment, and removing the organic solvent from at 
least one of the semipermeable membrane permeable liquid 
and semipermeable membrane impermeable liquid to obtain 
a purif ied glyceride oil and/ or a purified phospholipid. 

20 2. A process as claimed in Claim 1 f wherein the 
spiral type or pleat type semipermeable membrane module 
has a pressure vessel equipped with first liquid passages 
formed by the first spacer made of a porous sheet 
inserted in the inside of the sheet semipermeable 

25 membrane, second liquid passages formed by the second 
spacer made of a porous sheet extending along the outside 
of said semipermeable membrane, and a hollow tube for 
collecting a membrane-permeable liquid which communicates 
with passages for the membrane-permeable liquid formed 

30 by said first liquid passage, so that a feed liquid is 
introduced into the feed liquid passages formed by said 
second liquid passage and the membrane-permeable liquid 
is withdrawn from said hollow tube. 

3# A process as claimed in Claim 1 or 2, wherein 
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a crude glyceride oil composition diluted with the 
organic solvent is concentrated to 2 to 20 times the 
original concentration by the first-step membrane treat- 
ment and thereafter concentrated to 3 to 200 times the 
5 original concentration by the second- step membrane 
treatment. 

4. A process as claimed in Claim 1, 2 or 3, wherein 
the glyceride oil content in the crude glyceride oil 
composition diluted with the organic solvent is 10 to 
10 90% by weight. 

5» A process as claimed in any of Claims 1 to 4, 
wherein the semipermeable membrane is made of a polyimide 
consisting essentially of a repeating unit represented 
by the formula: 

^CO— CH^ CH-— CO. . 

15 -< \* I * >-R 1 - 

^C0-CH — CH — C0^ 

wherein R is a divalent organic group. 

6* A process as claimed in Claim 5, wherein R is 
represented by the formula: 



20 wherein X represents a divalent linking group. 

7. A process as claimed in Claim 6, wherein X is 
-CHg- or -0-. 

8. A process as claimed in any of Claims 1 to 7, 
wherein the organic solvent is a hydrocarbon, lower 

25 aliphatic acid ester or aliphatic ketone, or a mixture 
thereof and has a molecular weight of 50 to 200. 
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9. A process as claimed in Claim 8, wherein the 
organic solvent is hexane. 

10. A process as claimed in any of Claims 1 to 9, 
wherein the semipermeable membrane passes molecules of 
a molecular weight not more than 10,000 to 100,000. 

11. A process as claimed in any of Claims 1 to 10, 
wherein the crude glyceride oil composition diluted with 
the organic solvent is introduced into the semipermeable 
membrane module at a temperature of 0 to 100°C<» 
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